Although the leaching of sulfate from a strongly acidic cation-exchange resin has been ascribed to the contamination of sulfuric acid in the manufacturing processes, this phenomenon could be related to the hydrolysis reaction of sulfo groups in the resin. The sulfate desorption was an endothermic pseudo-zeroth order reaction. The activation enthalpy, entropy, and free energy were determined using the rate constants observed at different temperatures. The sulfate desorption was remarkably affected by the counter ions in the order of H+, Na+<Ca2+<La3+.
Introduction
A strongly acidic cation-exchange resin, a cross-linked styrene-divinylbenzene copolymer with sulfo groups as the ion-exchange sites, has been employed in many fields of chemical analyses, such as chromatographic separation and the determination of cations. In addition, the resin has also been used for nonchromatographic applications. One of them is the dissolution of sparingly soluble salts [1] . This technique offers an important advantages; i.e., it avoids the introduction of a large amount of foreign substances. Ichikuni and Tsurumi [2] were the first to apply this technique to the chemical analyses of carbonate deposits using ion chromatography.
They analyzed traces of fluoride in carbonate minerals after dissolving the samples in an aqueous suspension of an H+ form resin. The carbonate ions in the minerals were removed as CO2, and therefore the electrolyte concentration could be maintained at a low level. However, in our preliminary study, it was found that sulfate ions are generally leached into solution from strongly acidic cation-exchange resins with sulfo groups and the contamination level was not less than the detection limit of the ion chromatograph. Therefore, the resin could not be utilized for the dissolution of carbonate samples and microanalysis of sulfate in them.
The sulfate leaching has been ascribed to the sulfuric acid residue in the manufacturing processes, but repeatedly used resins also caused sulfate contamination similar to the new ones. Thus, this phenomenon cannot be due to the contamination by the sulfuric acid as mentioned above. It has been noted that at elevated temperature, the desulfonation occurs when using the strongly acidic resin and this deactivation is irreversible [3] .
Although the rate is low at room temperature, the desulfonation may be a possible cause.
In order to clarify the mechanism of sulfate leaching from the resin, we measured the kinetic constants for some strongly acidic cation-exchange resins available from some manufacturers. The role of counter ions was also examined at different temperatures to in order to obtain thermodynamic information.
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Materials
The examined sulfonated polystyrene resins were as follows: Bio-Rad (Bio-Rad Japan, Tokyo), Amberlite (Organo, Toda) and Diaion (Mitsubishi, Kitakyushu). The conditioning of the resins was performed by a column method using 20 times volume of 10 % NaCl and 2 mol dm 3 HCl solutions. This treatment was repeated three times at ambient temperature. The resin beads were then washed well with highly purified water prepared by a Milli-Q SP system (Millipore). The Na+, Ca2+ and La3+ form resins were prepared by passing sufficient amounts of the 10 % NaCl, CaCl2 and LaCl3 solutions through the column, respectively. The H+ form resin was directly used after the conditioning treatment. The resin mass was measured under the air-dried conditions. Other all reagents were analytical grade. Table 1 shows the sulfate contamination in water mixed with various kinds of ion exchangers for 2 days.
Sulfate was leached from all the strongly acidic cation-exchange resins, which were newly obtained. Therefore, it is considered that this phenomenon is common for these resins. The ion-exchange capacities are also listed in the table. The amounts of sulfo groups in resins are expected to play important roles in the difference in the sulfate leaching, but we could not find any relationship between the extents of the sulfate leaching and ion-exchange capacities. A further study on this subject is now in progress. The desulfonation reaction and the rate can be expressed as follows:
•¬
•¬ (2) where the over bar denotes the resin phase, R is the resin matrix, and k is the rate constant. The amount of leached sulfate was much lower than the total amount of sulfo groups (cation exchange capacity of a few mmol g-1). The total concentration of sulfo groups was hardly changed during the measuring time. The generated sulfate is excluded from the resin phase by an electrostatic repulsion. Therefore, the sulfate desorption is a pseudo-zeroth-order reaction and the rate is expressed by eq. (3). •¬(4) Therefore, the role of H+ in the reaction was expected to be significant, but resins with H+ and Na+ as the counter cations did not affect the hydrolysis of the sulfo groups (Fig. 2) . When the counter cation was Ca2+, the rate constant was increased more than those of the resins in the H+ and Na+ forms. These results indicated that the behavior of the counter cations influenced the activation parameters of the sulfate desorption processes.
The measured rate constants for the resin with different counter ions at different temperatures are shown in Table 2 . By using these data, the activation enthalpy and entropy were calculated (Table 3 ). The activation enthalpy of the Ca2+ form resin (+32 kJ mol-1)
was lower than those of the H+ and Na+ form resins (+154 and +126 kJ mol-1, respectively).
The ion pair formation may be an important 
